EP 2110 531 A1

Européisches
Patentamt

EP 2110 531 A1

European

Patent Office

Office européen
des brevets

(1)

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC
(43) Date of publication: (51) IntCl.:
21.10.2009 Bulletin 2009/43 F02B 39/00 ?°%¢-") F02B 37/10 200601
FO2M 35/12(2006.0)
(21) Application number: 07714000.2
(86) International application number:

(22) Date of filing: 09.02.2007

(87)

PCT/JP2007/052344

International publication number:
WO 2008/099452 (21.08.2008 Gazette 2008/34)

(84) Designated Contracting States:

ATBEBG CHCY CZDE DKEE ES FIFR GB GR

HUIEISITLILT LU LV MC NL PL PT RO SE SI
SKTR

Designated Extension States:

AL BA HR MK RS

(71) Applicant: Mitsubishi Heavy Industries, Ltd.
Tokyo 108-8215 (JP)

Inventors:

¢ ONO, Yoshihisa
Nagasaki-shi

Nagasaki 850-8610 (JP)

(74)

¢ SHIRAISHI, Keiichi
Nagasaki-shi
Nagasaki 850-8610 (JP)

¢ AONO, Yoshitsugu
Nagasaki-shi
Nagasaki 850-0062 (JP)

Representative: Henkel, Feiler & Hanzel
Patentanwalte

Maximiliansplatz 21

80333 Miinchen (DE)

(54) EXHAUST GAS TURBOCHARGER

(57) Provided is an exhaust turbo-supercharger ca-
pable of preventing misalignment of the center of the ro-
tating shaft of a supercharger turbine and the center of
the rotating shaft of a supercharger compressor, or, mis-
alignment of the center of the rotating shaft of the super-
charger turbine, the center of the rotating shaft of the
supercharger compressor, and the center of the rotating
shaft of a power generator, due to the heat of exhaust

gas; capable of reducing vibration of these rotation axes;
and capable of improving the reliability of the entire su-
percharger. An exhaust turbo-supercharger 1 has a cas-
ing 6 that supports a turbine unit 3 and a compressor unit
5. The lower end of the casing 6 constitutes a leg portion
6a, and the leg portion 6a is fixed to a base placed on
the floor. A power generator 19 having a rotating shaft
19a connected to a rotating shaft 7 of the turbine unit 3
and the compressor unit 5 is provided.
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Description
Technical Field

[0001] The presentinvention relates to exhaust turbo-
superchargers, and more specifically, to exhaust turbo-
superchargers installed on internal combustion engines
for ships, internal combustion engines for onshore power
generators, and the like.

Background Art

[0002] As such an exhaust turbo-supercharger, there
is a known exhaust turbo-supercharger having a power
generator whose rotating shaft is connected to rotation
axes of a turbine and compressor of a supercharger (for
example, refer to Patent Document 1).

Patent Document 1: Japanese Unexamined Patent Ap-
plication, Publication No. 2004-346803

Disclosure of Invention

[0003] The exhaust turbo-supercharger disclosed in
the above-mentioned Patent Document is fixed to a base
with a supporting member provided on the supercharger
side and a supporting member provided on the power
generator side. Thus, the supporting member on the su-
percharger side undergoes large thermal expansion in
its longitudinal direction (top-bottom direction) due to the
heat of the exhaust gas whereas the supporting member
on the power generator side undergoes no thermal ex-
pansion due to the heat of the exhaust gas. This leads
to a significant misalignment of the center of the rotating
shaft of the supercharger turbine, the center of the rotat-
ing shaft of the supercharger compressor, and the center
of the rotating shaft of the power generator, which could
cause abnormal vibration of these rotation axes. This can
be understood from FIG. 5 of the above-mentioned Pat-
ent Document (i.e., the figure showing a significant dif-
ference between the vibration amplitude of the rotating
shaft on the supercharger side and the vibration ampli-
tude of the rotating shaft on the power generator side).

[0004] The present invention has been made in view
of the above-described circumstances, and an object
thereof is to provide an exhaust turbo-supercharger ca-
pable of preventing misalignment of the center of the ro-
tating shaft of the supercharger turbine and the center of
the rotating shaft of the supercharger compressor, or,
misalignment of the center of the rotating shaft of the
supercharger turbine, the center of the rotating shaft of
the supercharger compressor, and the center of the ro-
tating shaft of the power generator, due to the heat of the
exhaust gas; capable of reducing vibration of these ro-
tation axes; and capable of improving the reliability of the
entire supercharger.

[0005] To solve the above-described problem, the
present invention employs the following solutions.

An exhaust turbo-supercharger of the present invention
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is an exhaust turbo-supercharger including a turbine unit
driven by exhaust gas guided from an internal combus-
tion engine, a compressor unit that is driven by the turbine
unit and forces outside air to the internal combustion en-
gine, and a casing that supports the turbine unit and the
compressor unit. A lower end of the casing constitutes a
leg portion, and the leg portion is fixed to a base placed
on a floor. A power generator having a rotating shaft con-
nected to rotation axes of the turbine unit and the com-
pressor unit is provided.

In such an exhaust turbo-supercharger, because the
weight of the entire supercharger is transmitted to the
base only through the leg portion of the casing (that is,
supported only by the leg portion), major thermal expan-
sion due to the heat of the exhaust gas occurs in the top-
bottom direction (vertical direction) of the casing and the
axial direction of the rotating shaft (the direction perpen-
dicular to the top-bottom direction of the casing).
Because the casing supports both the turbine unit and
the compressor unit, misalignment of the center of the
rotating shaft of the turbine unit and the center of the
rotating shaft of the compressor unit, due to the heat of
the exhaust gas (due to the thermal-expansion differ-
ence), can be prevented, vibration of these rotation axes
can be reduced, and the reliability of the entire super-
charger can be improved.

In addition, the rotating shaft of the power generator ro-
tates with the rotation axes of the turbine unit and com-
pressor unit, and excess energy is recovered by the pow-
er generator. This can improve the thermal efficiency of,
for example, ships and power plants.

[0006] It is more preferable that a muffler connected
to an air-intake system of the internal combustion engine
and supported by the casing through the compressor unit
be provided upstream of the compressor unit, a shell
housing having a hollow portion inside thereof is provided
at the central portion of the muffler, the power generator
is accommodated in the hollow portion.

In such an exhaust turbo-supercharger, because the
power generator is accommodated in the muffler such
that it is almost entirely covered, the apparatus can be
made compact.

[0007] Furthermore, it is preferable that the power
generator be configured to also have a motor function.
In such an exhaust turbo-supercharger, the power gen-
erator can be used as a starter to force outside air directly
from the compressor unit to the internal combustion en-
gine, instead of forcing outside air to the internal com-
bustion engine from an auxiliary blower or the like.
[0008] An internal combustion engine of the present
invention includes the exhaust turbo-supercharger ac-
cording to any one of the above-described exhaust turbo-
superchargers.

Because such aninternal combustion engine has a highly
reliable exhaust turbo-supercharger causing little vibra-
tion, outside air is stably forced into the internal combus-
tion engine. This allows the internal combustion engine
to exert its full performance, and the reliability of the in-
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ternal combustion engine can be improved.

[0009] According tothe presentinvention, advantages
are provided in that it is possible to prevent misalignment
of the center of the rotating shaft of the supercharger
turbine and the center of the rotating shaft of the super-
charger compressor, or misalignment of the center of the
rotating shaft of the supercharger turbine, the center of
the rotating shaft of the supercharger compressor, and
the center of the rotating shaft of the power generator,
due to the heat of the exhaust gas; the vibration of these
rotation axes can be reduced; and the reliability of the
supercharger can be improved.

Brief Description of Drawings
[0010]

[FIG. 1] FIG. 1 is a vertical sectional view showing
an exhaust turbo-supercharger according to an em-
bodiment of the present invention.

[FIG. 2] FIG. 2 is a partially cut-away perspective
view of the exhaust turbo-supercharger shown in
FIG. 1, viewed from a muffler side.

[FIG. 3] FIG. 3 is a partially cut-away perspective
view of the exhaust turbo-supercharger shown in
FIG. 1, viewed from a turbine unit side.

Explanation of Reference Signs:

[0011]

1: exhaust turbo-supercharger
2: exhaust gas

3: turbine unit

4: outside air

5: compressor unit
6: casing

6a: leg portion

7 rotating shaft
16: muffler

18: shell housing
18a:  hollow portion
19: power generator
19a:  rotating shaft

Best Mode for Carrying Out the Invention

[0012] An exhaustturbo-superchargeraccordingto an
embodiment of the present invention will be described
below with reference to the drawings.

As shown in FIGS. 1 to 3, an exhaust turbo-supercharger
1 according to this embodiment consists of main compo-
nents including a turbine unit 3 driven by exhaust gas
(combustion gas) 2 guided from an internal combustion
engine (for example, a diesel engine or a gas turbine
engine, not shown), a compressor unit 5 driven by the
turbine unit 3 to force outside air 4 to the internal com-
bustion engine, and a casing 6 that is provided between
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the turbine unit 3 and the compressor unit 5 and supports
them.

[0013] A rotating shaft 7, one end of which extends
toward the turbine unit 3 and the other end of which ex-
tends toward the compressor unit 5, is inserted through
the casing 6. The rotating shaft 7 is supported rotatably
about its axis by a bearing 8 provided in the casing 6.
The casing 6 is also provided with a lubricant supply path
9 for supplying a lubricant from a lubricant reservoir (not
shown) to the bearing 8.

The lower end of the casing 6 constitutes a leg portion
6a that supports the casing 6 at a single point in the axial
direction of the rotating shaft 7 (there are also cases
where it is supported at two or more points in a direction
perpendicular to the axial direction of the rotating shaft
7), and the leg portion 6a is fixed to a base (not shown)
placed on the floor. That is, the weight of the exhaust
turbo-supercharger 1 is transmitted to the base through
the leg portion 6a.

The reference numeral P in the drawings denotes a
punching plate. The punching plate P is fixed to the lower
end of the turbine unit 3 at one end and, similarly to the
leg portion 6a of the casing 6, is fixed to the base at the
other end. The punching plate P is notintended to support
the weight of the exhaust turbo-supercharger 1 like the
leg portion 6a, but is intended to prevent the exhaust
turbo-supercharger 1 from shaking (vibrating) relative to
the base.

[0014] The turbine unit 3 has an exhaust gas passage
10 connected to an exhaust system of the internal com-
bustion engine, to which at least a portion of the exhaust
gas 2 is supplied, and a turbine 11 that receives the flow
of the exhaust gas 2 supplied to the exhaust gas passage
10 and is rotationally driven thereby.

The turbine 11 has a turbine rotor 12 and a turbine nozzle
13. The turbine rotor 12 has a disc-shaped turbine disc
12a provided at one end of the rotating shaft 7 and a
plurality of turbine blades 12b, having an airfoil-shaped
cross-section, mounted on the outer circumference of
the turbine disc 12a.

The turbine nozzle 13 consists of a plurality of nozzle-
guide vanes 13a arranged in a circle and is disposed
upstream of the turbine blades 12b.

[0015] The exhaust gas passage 10 has a supply path
10a that is connected to the exhaust system of the inter-
nal combustion engine and guides the exhaust gas 2 to
the nozzle-guide vanes 13a and the turbine blades 12b,
and a discharging path 10b that is provided so as to ex-
tend radially outward of the turbine 11 and guides the
exhaust gas 2 having passed through the turbine 11 to
the outside of the system or to an exhaust purifier (not
shown), etc.

[0016] The compressor unit 5 has a compressor im-
peller 14 that discharges outside air 4 radially outward
by being rotationally driven and a centrifugal chamber 15
that surrounds the periphery of the compressor impeller
14 and compresses the outside air 4 discharged by the
compressor impeller 14.
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The compressor impeller 14 has a substantially disc-
shaped hub 14a attached to the other end of the rotating
shaft 7 and a plurality of vanes 14b extending radially
outward from the outer surface of the hub 14a and ar-
ranged in a circle around the circumferential direction.
A muffler (silencer) 16 connected to an air-intake system
of the internal combustion engine is disposed adjacent
to the upstream side of the compressor unit 5. The out-
side air 4 having passed through the muffler 16 is guided
to the vanes 14b of the compressor impeller 14 through
an inlet path 17.

At the downstream side of the compressor unit 5, an in-
tercooler, a surge tank, and the like (not shown) are pro-
vided. The outside air 4 having passed through the cen-
trifugal chamber 15 is supplied to the internal combustion
engine after passing through the intercooler, the surge
tank, and the like.

[0017] A shell housing 18 having a hollow portion 18a
inside thereof formed so as to taper toward an end face
of the hub 14a is provided at the central portion of the
muffler 16, and a (high-speed induction) power generator
19 is accommodated in the hollow portion 18a. The shell
housing 18 is fixed to the compressor unit 5 (a radially
outside wall surface forming the inlet path 17) through a
plurality of (for example, four) supports 20 provided in
the inlet path 17. The outer surface of the shell housing
18 constitutes a radially inside wall surface forming the
inlet path 17.

The power generator 19 is disposed such that a rotating
shaft 19a thereof is aligned with the rotating shaft 7, and
the rotating shaft 19a is connected to the tip at one end
of the rotating shaft 7 extending through the hub 14a and
projecting toward the muffler 16, through a flexible cou-
pling 21. That is, the rotating shaft 19a of the power gen-
erator 19 rotates with the rotating shaft 7.

[0018] Because the exhaust gas turbine supercharger
1 according to this embodiment is configured such that
the weight of the entire supercharger is transmitted to
the base only through the leg portion 6a of the casing 6
(that is, supported only by the leg portion 6a), the major
thermal expansion due to the heat of the exhaust gas 2
occurs in the longitudinal direction (top-bottom direction)
of the casing 6 and the axial direction of the rotating shaft
7 (the direction perpendicular to the longitudinal direction
of the casing 6).

This makes it possible to prevent misalignment of the
center of the rotating shaft 7, the center of the flexible
coupling 21, and the center of the rotating shaft 19a, due
to the heat of the exhaust gas 2 (due to the thermal-
expansion difference), to reduce vibration of these rota-
tion axes 7 and 19 and the flexible coupling 21, and to
improve the reliability of the entire supercharger.
[0019] Because the power generator 19 is configured
to be accommodated in the shell housing 18 provided in
the muffler 16, the apparatus can be made compact.
Furthermore, when the power generator 19 is configured
to also be used as a motor, the power generator 19 can
be used as a starter to force the outside air 4 directly from
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the compressor unit 5 to the internal combustion engine,
instead of forcing the outside air 4 to the internal com-
bustion engine from an auxiliary blower or the like.

Claims

1. An exhaust turbo-supercharger comprising: a tur-
bine unit driven by exhaust gas guided from an in-
ternal combustion engine; a compressor unit that is
driven by the turbine unit and forces outside air to
the internal combustion engine; and a casing that
supports the turbine unit and the compressor unit,
wherein a lower end of the casing constitutes a leg
portion, the leg portion being fixed to a base placed
on a floor, and
wherein a power generator having a rotating shaft
connected to rotation axes of the turbine unitand the
compressor unit is provided.

2. The exhaust turbo-supercharger according to claim
1,
wherein a muffler connected to an air-intake system
of the internal combustion engine and supported by
the casing through the compressor unit is provided
upstream of the compressor unit, a shell housing
having a hollow portion inside thereof is provided at
the central portion of the muffler, and the power gen-
erator is accommodated in the hollow portion.

3. The exhaust turbo-supercharger according to claim
1 or 2, wherein the power generator is configured to
also have a motor function.

4. An internal combustion engine comprising the ex-
haust turbo-supercharger according to any one of
claims 1 to 3.
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